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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor laser device which is 
excellent in temperature characteristic and has a highly reliable long wavelength. 
SOLUTION: This semiconductor laser device is provided with a semiconductor 
substrate 10 having a larger lattice constant than GaAs, a first clad layer 12 
which is formed on the semiconductor substrate 1 0 and almost lattice-matched 
with the semiconductor substrate 1 0, and is made of a first conductivity type 
semiconductor having an Ai composition of >0 and <0.51, an active layer 22 
formed on the first clad layer 1 2, and a second clad layer 26 which is formed on 
the active layer 22 and almost lattice-matched with the semiconductor substrate 
10, and is made of a second conductivity type semiconductor which is different 
from the first conductivity type semiconductor and of which AI composition is >0 
and <0.51. 
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^ v FIB 1 2 a^ShTl^. fcfc. (7 7 5) B 
O^HaaiB, (HDBiD (110) jfrffijc 
fitf»-aT~8. 5' *7L-ttr»&£K£b»9. 

[0 07 6 ] FJB 1 2 aJhlUi. J13 1 5 0 nm 

©i-In,. !U Al ....iGa,.,,, A s <fc 9jjfc&3(£IB 
Dii&H 1 4 a*5JfcJ&<?ftTt>5„ 

[0 0 7 7 ] 3feBf30&&@ 1 4 a_Bt«. i-ln,.„ 
Ga 0 . ss AsJ;^Sl^iS4 0 a j6*J&t£SftTlr> 

s. «E«»to (775) v<D¥-mw&m 1 0 a zm 

[0 07 8 )MS40aB, i-In,. i; ,Al 
<,. i2 eGa 0 ., s .As J:0fi£-SS«&iA*)14 0 btCiDS 
a&ii*tl*CC>a. a^ffl.^4 0 a <hiiS>3A*Ji4 Obi 

tc .t: ») . f33n mvm.+wm&nm 4 0 wmaztix 
[0 07 9 ] M=mmmm4 o±iaz, ;iS7nm© 

i-In,. ! „Al,. 1!l Ga,. t „A s 9 fi£5Pii£^ 
1 8 a^MStitt^, 

[0 08 0 ] PtHBl 8a±{C», i-In,.„Ga 
o . S3 Asct«3J5R^S : f-iSffl^4 2a3&5^043nri^„ * 
^tSWrii (7 75) B©#>If*St£ 1 0 a 
*©"C. B e«JfiSKtc«^li« 4 2a *fc]$.irZ> Ci4! 

[0 0 8 1 ] ST*ffl^42 ate. i-In,.,„Al 
o. 2J6 Ga„. 49 .A s<t 0^-S*l«)3A*-il4 2 b(CJ;DS 
«i>ii*nri»S. S^*ffilg4 2 a iSJ*iX*jl4 2bt 
iCiO. 3 nm©t^ffittl4 2 

[0082] ctie»sT*ffljt?si4^4 o . m&m l 8 
a. ■Rum^mmim.m4 2ic^f). imm2 2bi>m 

[0 08 3 ] rS'l4J12 2 b±&c«. 1515 0 n m© i 
- I n 0 . 2 7»A 1, „ ( Ga D ., ! ,,As J: OfiX-STtfrl Gii 
feJ12 4 a A5^RX3nrt^. 

[0 0 8 4 ] 7t^D3A«))12 4 a_BCfi. 1 x 1 0 1 ' c 
m-'OlStZn^F-^'ShfcJSS 1. 5ym©p- 
Al,.,,, 1 n.., < ,P«t«3JSE5 4'5» KI26aW 



XL 

[0 08 5 ] ^7^F126a±K:B, lxi0 19 cm 
" 3 CDr^firZn^ F-^$n/cJ?S 0. 5um©p-I 
n 0 . ia Ga B . 7J AsJ:!)^3>^^ Ml 2 8 a#Jf5/# 

[0 08 6 ] ffi©*JiRBJR«. 0 1 fcSVT» 1 *S»K« 
*- 

[0 08 8] Jfcfc, *S»«CC «fc4*S»»U— 9Wil© 

Co 089] *r, lxio^cr^ilBrsiJ&iF 

-^"§n/cn- In 0 . 2 ,Ga 072 A s<fc0fic4 (7 7 
5) B<D*3W*a«l 0a±O^ffiCC, *'XV-XMB 
Effi*cj:*) % 1 xi 0 18 cm" 3 (DigrS 
Jh/c/PS 1 - 5 MinOn-A 1 0 . 251 J n 0 . 7 , s PJ:« 

FBI 2a*»atr*. 

[0090]^, ±ffitC, #XV-XMB EffifcJ: 
t), 1 5 0nmOi - I n 0 . 276 A l 0 . 226 Ga 
o , 1 B A s Jt 0 jft&fen C j&AS J 4 a £?fj J&T Z . 

[0 0 9 1 ] *«c,.±ffi«c, tfXV-XMBEftfcJ: 
0, iS3 3 nmCD i - I n D .; 7 Ga 0 . S3 A s J:K>f&Z>M 
T«I4 0 a«MT*. *Sg&0fctt (7 75) B© 

W4 0a«JW o 

[0 09 2] »«c % £®&c, ^v-^MBEffiKJ; 
0* i-In 0 . 27l Al 0 . l26 Ga 0 .4 9 ,As J:DJ?££iI 
ft»*»4 0 b 

[0 09 3 ]:fcfc. ^ffitc, ^XV-XMBEffitCj; 
f3. /S3 7 nmCD i - I n 0 . l7 ,A 1 9i22S Ga 0 . 43 ,A 

C0 094] ^{C, ±TBIC, ^V-^MBESKJ: 
0, f33nm©i-I n D .< 7 G a 0 . 53 A s <£ 9 fiS&S 
?*Ii4 2a5:M-r5 0 (7 75) BCD 

«4 2a«Sn^ 

[0 0 9 5 ] ^^C, £ffi&t v ^'XV-XMBESCCJ: 
0, i-In 0 . l76 Al 0 . 2It Ga 0 . 4S8 A s £K)f&2>m 
feiA^J14 2b««o 

[0 096] ^COC, :£S&C, ^v-XMBESJCj: 
0, 1 5 0nmOi - 1 n tt . 2 7 6 A l fl . l26 Ga 
o.4». A s <fcDJ&S:fcHDiM>B2 4 a*JgJdtf*. 

[0 0 9 7]^(C, ^7-^MBEffitCj: 
0, 1 x i 0 18 cm- 3 ©ig-CZ F-7*3n/cf3 
1 . 5 jLtmCDp - A 1 „. 251 I n 0 . 719 P J: K) P y 
F»2 6a«&iM-S. 
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[0 09 8 ] ^ffiCC, ^V-^MBEffiCC<fc 

0. 5 umOp - I n„. 2t Ga 0 . 7l A sJ: t 9^^>^ 
* FB2 8 a£©J0S-rs. 

[0 09 9 ] C<D«0*^U-1f«{»D«^fttt, 
[0100] (gjfcffl (^CD3 ) ) ycfc, *3gSfcj&ttiC 

*fflir»T»wr*. H7B. *aj^w*Cct4*aiii*i-- 

■W6«**-rKBH-C*«. ttfc, H7 (b) tt % 137 

(a) ©nrt*ib*:Lfcia-c*5 D 

[0101] B7fci7jVri;5fc:, jfcHU&BbBl 4±*c 
B„ i-InAs/GaAsJ:W^F^44a 
JW&S3*yCC*S. 1^ F^h44aiJ, S»&#B4 
4bKS«>ii*hTl>*. J*F F » h 4 4 a £SaW&# 
B4 4btCcfcD, «S4nm01 : fF? Fffiffil4 4^ 

20 [0 10 2] m^F * hr£ J ttS4 4_h*tB, I?7nm 
©i-In..„ l Al,.„,Ga B ', m A s <£D/t££P»M 

[0 10 3]»iil 8b±5C^ i-lnAs/Ga 
Asibfiil^K? h4 6a^M^ntl^ 0 MT 
F?h4 6att, S&ii#ffl4 6 bfc3«>5&**iT<,> 
4. IT F ^ h 4 6 aii^i4 6bi«:J;?), JS 
3 4 n mOlT F » h r£t£» 4 6 #«JjJcS *1T 

[0 104] cnei^F^ hr£t£JI4 4. KSMl 8 
b, MITF7 hffittB46K:J:9; gfti2 2c*J 
30 MSntl^o 

[0105] i&cDffititmmte. h i it^-rsi i utt^tt 

[0106] 2|s^«CCJ:S*»#u-lf*aB, IT 

F* hr&ttB^ffli^nn^cD-c, 

40 [0107] ^t, *S^««cJ:5**»l/-lf«a<3D 
[0 108] ST. JtmCi&bm 1 4**flET&XSi 

[0109] iXCC, ^ffitc, MOVPE&fccfc^ S3 
4nm© i - I nAs/GaA s <fcDJft£B-7-F ? Y 4 
4a^M« 4 

[0 1 1 0 ] #CC\" ^ffitC, MO VP EmiCikK). i- 
ln 0 . 276 Al 0 . 2l6 Ga 0 . 4SS A s J: 9 JS#>iA<&Ji 
50 4 4 b&Bf&?2> 0 
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[0111] &t£. ^ffiJC. MOVPEfttCtO. MS 
7nm©i — I no .17 » A U.iiiGa„.,„As J;M 
SPSSBl 8b?r^fiS-r2>. 

[0 1 12] r£3SfC, MOVPESKcfcO. 1S3 

4 n m© i-InAs/GaAs<£9 F ? F 4 

[ 0 1 1 3 ] #4C, £®IC. MOVPEffiCCfcO. i- 
I n,.„ ( Al,. !!1 Ga,.„,A s J: DJS^ffls&ii^Jl 

- 4 6 b*j^iarr4. 

[0114] c<oa©*»ftu— •^■©uafc&fttt. io 

t* u - if sx&ti £ § n 5 . 

[0115] mzmN&ffl *^©m2^*feJgMtC 

» , #mtm&K. «fc s - if «g£ ^-r ras r 

ftfc. B8 (b) «. H8 (a) ©Rrt*Sfc*:l, 

[01 16] xmummxa.- mm£m&M&xm<D u 

[ 0 1 1 7 ] 08(c^-f J:5tc, lxiO"cm- ! C»iI 
gt'S i fr* F — -f^titcMZ 10 0 y m©n - In,.,, 
Ga,.„ A s&Kii&ZimWW&l 0±{C«, 1X10 
" cm- J (OiMtS i ^F-^Sn/cJPS 1 0 5nm© 
n-Al,. m l n..,..PJ:t)«4<g®*f4W4 8i, 
1 x 1 O 1 * cm- 3 ©rta-CS i *SF-^3nfc/13 9 4 
' nmCDn-Ino.jsGao.^As ck *) fix.&lm'fstiftMM 5 
Ot^. 5^T«JtL-CJ&&nJ£09DBR 30 

[0 118] DBR5 7-5 2±fCt£, 1 8 1 n m 
©i - I n 1 . l „Al,. !1( Ga,.,„A s J; * 5 
.» FJ15 4j&JJBJ5E3*iTI,>4. 
[0 119]^7> KB 5 4±CC« V US 7 nm© i - 
I n 0 .,7Ga„. 53 A s ^0^11^15 6^fiK 

[0 120] I1^#F15 6±{C«, ISlOnm© 
i - I n,.„,A l„., !6 Ga 0 .,.,,As<J:*)j£-5>»IIB 

5 8>Wf£»#3*VCV.5>. 40 
[0121] mmmb 8±«Ctt. 137nm©i-In 

„.„Ga..„AsJ:i)^iif#F16 O^JKfiS^n 

[0122] Cft&afr?#FJf 5 6 , StMB 58, S 

<y f Ma^#FB6 0{c«fc':. rSttBe z&mf&znxi,* 

[0123] ?gttl6 2±fC«. J13 1 8 1 nm© i - 
In,. ! „Al,. I1 ,Ga,.,„A s J; «3 t> 5 ? F® 

6 4^fiS?nri>s. 

[0124] 2*7 ? FB6 4 JbCCli, lxio^cm" 1 50 
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©?MrZn*i F-7'§*T,fcJ13 8 3 nm©p -A 1 

1 n o ., 4S P4:0^SigSlfT*B6 6 t. lxio 
" c m- 3 ©jftK-CZ ntf F-72txtcm £ 7 4 n m©p 
- I n D . lt Ga..„A s J:9fi&5WfflHf*»7 Oi**. 
3B£tc2 3^TflW3tir^4. M5t^B6 6 £]f(J3 
Jf$B7 0 tOlffltct*. smgtn^ffijghr^ .1X1 
0 , 'cm-'©?SE-CZn*5h--7^ 1 ifcJI8 2 0nm(D 
P - 1 n„. 276 A l,.,,,Ga,.,,,A s J; K> S&ZfyfUm 

[0125] cn^mmmmme 6 V "Wase 8. 

IWHJt** 7 0 tc J: 0 . P f^DBR57-7 2« 

[0126] p.fODBR57-72©iIKnPD 
DBR5 7-5 2<Dmj£<Dm2£X'JD-x- 

snTfeo, cnwD, 5Mm©TO3?■R©^1f 
74aiJ , $t!£^;IVCl,*5. 

[0127] H«C^MCC, PJ»3 0 OnmOi/'^yi 

itmi Gmm2tixi>z. 

[0 1 2 8 ] y-tJ-7 4±©:>l/ 3>M-ftJg7 6iUi, D 
BR 57-7 2 tC^-T -SitS 1 0 ym©58Pg|57 8#7iS 

[0129] DBR 5 7-7 2_BC{±, PaOSB7 8£7> 
L/TDBR57-7 2tC^Sn/cpW«ffi8 0#J1M 
3*iTt>*. pfffl^ffi8 0«, PJf2 00nm©TiJ@ 
<b> if SOOnmOPtli, PJ13 /xm©A ulgi 

[ 0 1 3 0 ] pffj^@8 OiCtt, p?£©DBR57-CC 
JtT-5Ha5um©HPW8 2*sjBi«3nru4. C© 

[0131] 1 0©T»J«:«- JSSJP3 0 0 n 

m©AuGeJK£. M/I3 am©AujR<t£JIB:&aBT 

& c t tc <fc o n/c n fflhte 8 4 ag&ss nr i» 

[0132] C v UT#gQBlSMMC «fc 5¥»f*U-— tf« 

[0133] *5QtJ^. < StC«t*¥«*V'— tfSHIB, D 
BR57-52, 7 2©ffiJS*r^B4 8. 66CCA1 1 
nT>*m\.>z>Ctte.&mWfi$>Z 9 Al InPB, A 

1 JfflJS#WS <TiInGaAs J: *)JS64¥«l*fflR 1 
OKfS^OffSOT, '(ffitt©]S^***U-1f« 
■*8f*tSCi*JT«4. L30»4. Al InPiOfiS 
^iSSJif^Bti. A#^^*> F*7-fe y V LJ^tmtfx 

S C b - if *ffi«-T £ C i *5T- * 5 . 

[0134] ***»»CCJ:ntf. Jffi*?*©^* 

Al I nP*DBR5 5-©fiJffi«T*JIiO"Cffll f »'Ct> 

^©-c, nmftmm t ismmmm t <Dm$t mm* a # < 
r*>^g^DBR5 7-*«fiS-rsci*«-c#So ae-a 
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[0135] Xic. *Se5BK»«c«t**j»f*U-Hl!tB 

[0 1 3 6] ST. 1 x 1 0" cm-'OiSS-CS i ifi F 

S10±(C. MOVPEffiKJ:*). lxio-'cr 1 © 
. aS^T'S i # K titcBZ 1 0 5 n m© n - A 1 
...» I n.. 74 ,P«t»>J35*iBBH*f*«4 8<t, 1X10 
" cm-'iOiMTS i ifi Y-rfZtilcW-Z 9 4 nm©n 
" - I n..,.Ga..,,A s J:DJ*SiSfflW*W5 Oi*. 
3£S(C2 6. 5-<TfSjl-r-5»„ 
[0 13 7] ^(C. 4IIC, MOVPEStcJ;!). »S 
18 1 nmO i - I n 1 .„,Al,. m Ga,.,„AsJ: 
9 J(S* * 5 » F» 5 4 ZBl&-rZ>. 
[0 138]», MOVPEffitCfcD. JSS 

7 n m© i - 1 n,.„Ga,.„A s J: 9 J&S^S^; 3 
If 5 BfcJ&jW*. 
[0139] £iBic. MOVPEffi(C«fcO. US: 

1 OnmO i - 1 n„ . J76 A l„. 226 Ga (l .,. 1 ,AsJ;9 
fiSSHtSJB 5 8 
[0140] ^C(C. ^ffitC. MOVPE&(C«fc9. US 
7 n m© i — I n„ . Ga „ . S3 A s «fc *)f&2>mM+#F> 

[0141] iJctC. ^fflfc. MOVPEj£ttJ:9. 

1 8 1 nm© i - I n,. l „Al,.-„ l Ga,.,nAsJ: 
Vf&Zfv-j KJ16 4*^«R-rS. 

[0 1 4 2 ] i^tC, ^ffi^C, MOVP EiStCiO. IX 
1 0 1!, cin- 3 ©«ST'Zn355F--7-Snfc/P2 8 3nm 
©P - A 1,.,,, I n 0 . 7 4 9 P£9J&£{£l3iJT*)16 6 

lxiO ,, cm- i ©ilSTZnA5K-7 - SnfcI3 
7 4 nm©p - I n„ . G a, . „ A s <fc 9 Jj£-5SfJ3#r* 
I70i*, 35ESJC2 C©BR. {SS*t 

$16 6 tia®#r¥J17 0 £©R3CC. lxio-'cm" 1 
©rSRTZn#5 F-^«*n/cJl$2 0 nm©p- I n 
.. i nAl,,„ l Ga,.,„A sOW16 8 teffrfSS 
£. 

[ 0 1 4 3 ] ifctc. yD^©i?f + > h^/m^ci- 
l5hx,f>^jfn, cniCtf), j£S15/iin© 
RttW© ^ 7 4 %Jl5jsS-r 4 . 

[0144] ^^C, ±®fC, CVDj£{Cj:9 . JR/P 3 0 

[0 14 5]^, 7*F'jy^7^1%ffll>> ^ 
•9-7 4±©i/ij3>K-ftJg7 6 Hy?^ 
U DBR 5 -5-7 2 {C^T -Sitfll 0/im©Pgpgp 7 

[0146] JKiC, l)|200 n m©T i i, if 3 0 

onm©ptfli. Rvmms um<DAum*m'X9m-? 
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&C£{tJ:9. pflSJ*tS8 0«r»J*-i"4. TiJU&tfP 

[0l47]^«c. 7* hyy^^^K'i^, p 
7£©DBR 5 5-7 2 «: jST & itS 5 Mm©P3PgP8 2 

[0 148]<XCC. CMP&K:<fc9, ^ftSISl 0© 
ffllteWgU Cft«:«fc9^ffc»lgl 0©/?3&{8|jl 
«1 0 0 limits. 
10 [0 1 4 9 ] XiC, mi¥3 OOnmOAuGeJIt, B 
S3Mm©AuIi ^ria^aS-T S C i tc <fc 9 . n flt« 
i8 44Mn. AiiGeli, Wit«JtS3R«S«: 

[0150] ^tc. i o trntizomvucigm 

[0151] <■£© 1 ) ) ^K. *3g&&SiC 

U— rmmoBLmm (-e©i) £E9£)m> 

^^-TftMH-CJ&S. %fc > gjg (b) El 9 (a) 

(Dmmz&j: utcm-c$> z . 

[0 1 5 2 ] Hgtc^-Ti^CC, £5?FJi5 4±lC 
H, JU5 0nm, i - I nGaAsN©Wig«t 
*)l&Z§£ft®Ml. 3ym©rgttl6 2a*SM$il.t 

[0153] te©*J33SRtt. H8tC^T»2iU6Jl5» 

*. 

30 [0154] ^E»Wtc«tS*»f*u— »f»B«. tStt 
W ^ *£J|(€ J: 9 fft& 3 *i T l » S C £ {c±&4ffk*J 

[0155] 2«c, *^0|«:«tS¥«<*P— ifi^S© 

s^st? a* b 9 t » r siiar 4 . 

[0156] $r, ? 5 5> FJ1 5 4 %JK5Rr siest? 

[0157] ^(C, Affile, MOVPEffiKiO. 113 
50nm. i - I nGaAsN©n>7g B B B J:Ml.r§ 

[0158] C©«©^«f*b-1f^S©^jt^«, 
« 2 Xtfe^flKC J; S^^<* U - If S@B©*m*ffi i 
■C**©-CBM0*2NSf *. cut, *sc»««c«ta 

[0159] <g?&01 (^-©2 ) ) iX«C, ^mJMBmiC 

so ct & b - v^<D^mm (-e©2) tco^rsi 
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u-^g^t-MST*i, 0 &4o\ Bio (b) 
B, BIO (a)(DR^ffi:*l/cir$)^ 0 
[0 1 60] Ell OCCtjVTJ^K:. 1 x 1 0 18 c nr 3 <£> 
JAKT'S i # K-^StlftiWS 1 0 0 jim<Dn- I n 
llll Ga l .„As'J:OtfS (7 7 5) B<D¥*S<*««U 
Oa_L0Ut 1 x l 0 1B cnr 3 <7)yggrs i WF-^S 
*l/c/?§ 1 05nm<Dn-A I,.,,, I n 0 . M9 PiDl?!c 
&fin*fM4 8a<b. lxiO n cm- J «tSi 
# F-^Sftfc»S 9 4 nmCDn - I n Q .„Ga,. 7 ,A 10 
sJ:9l«*i«B*r*J^0ai*. &EK12 6. 5^T 
iILtJ55n»©DBR ^-52 a^M3ntl> 
5o 

[0161] nf0DBR^7-52 a±fc:tt:, JSS 1 
9 2 nm© i - I n 0 . l76 A lo. 2 25Ga 0 .4 5 »As J:^ 

[0 162] ^7 7FI5 4a±Cat i.-In B . 47 G 
a 0 . $J A si^5i^M8 6 ajW&J?RSftTl>5. 
*K*0«rH: (7 7 5) B(D¥ittSi 1 0 a «rJSUT 

[0163] *^Pffl££8 Bait i — I n D 276 A 1 
,.„ e Ga,. 499 A s<tO^Saes?>ii*B8 6 btCcfcOtl 
25iA*nri^ 0 1^1188 6 a tm#>&frM8 6bi 
«C J: f^3n mOS^ffl^ffiffil 8 6 *s«J«3#lT 

[0164] «^M«rSttJB8 6 Jifctt, 137nm0 
i ~ I n o . A l B . II( Ga f . 4S ,AsJ:D^gti 
5 8 a^M?ntl^ 0 

[0 165]gil58a±tClt i-In fl . 4 ,Ga 30 
o. S3 AsJ;WW»S8 8a«2nn^ * 
mmX'U {lib) BO*a«*Sfi l 0 a Srffll>Tl> 

[0 16 6]fiT-»88a^ i-In,, m Al 
D.*isGa 0 .«».A s iDJS^a*ii^B8 8 btCJcOS 
«>&£*VCC>£. *?JfflS8 8 a <hatf>i£<&Jt8 8bi 
CC J: D . J»S 3 n m©*^*ffl«HSteJB 8 8 *MftifcS*rC ' 

[0 1 6 7 ] tft^S^#Ffttt/18 6, 8 40 

a % &tf®^#Fffit4Jf 8 8 J: 0 , rSttH 6 2b#» 

[0168] r£tt@6 2 b±tc« % f$l 92nm(Di 
- I n 0 . 276 A l,.22»Ga,. ll( AsJ: OfiS*^ ^ F 
16 4a«?ntl^ s 

[0 169] ^7?K16 4a±{Cli, lxiO^cm 
" 3 ©?SSrZn^K-y$n/cJf 3 8 3nmOp-A 1 
D . m ln 0 . M9 PJ:9^(W$I66ai, lxi 
0 ia cm- 3 cDrgKr'Z n*F-^3tifc*S 7 4 nm(D 
P - I n„. JB Ga 0 . 72 As J: 0 lS<&iWS0r^JI 7 Oat 50 
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**. SSCC2 3^raH3n-Ct^ 0 W$I6 6a 
£JWB»r*»7 0 a iomcctt, S^Jgin^ffiMT^ 
<. lxi 0 18 cm- 3 co?lJSrZ n# K-:/$ftfc»3 
2 0 nmOp - I n 0 . 276 A 1 o. 22S Ga 0 .,„A Sct;f) 

asscpraiBe 8 a^M^nn^o 

[0 17 0] ttilbi&mmme 6a, M6Ba, 
RO'W/ajT*J17 0 aCCjct). pf©DBR$7-72 
a*JgJ5S3nrc»S. 

[0171] te©«j33gfctt. B8CcStT»2H*BK« 

[0172] *mmic£z>¥mfc\s— tf^s«. a-? 
u — !f*©«ift*Hsr s c <t # pjte-c* s . 

[0173] *£^6c<fcS*^l/-if««© 

[0174] if, lxiO^cm-^igStSi^F ' 
-y'Ztifcn - In 0 . 2 ,Ga„. n As <£DJ&& (7 7 
5) B(D4^^f*S^l Oa±cD^ffitC, ^V-^MB 
Effitc<fc*K 1 x l o 18 cm- 3 OiHT'S i jWF-^S ■ 
titcmZ 1 0 5nm(Dn-A l 0 . 25 i I n 0 . 7 « 9 P J: 0 
W)T*14 8ai, lxi0 15 cm- 3 Oi|gt'Si 
&F-Zf$titcm$ 9 4nmCDn -In 0 . 28 Ga 0 . 72 A 
si^^SlfrfliSOat^, SSCC26. 
®J1T£C <tfcl<fc*K nf©DBR$7-52a^M 

[0175]*^ ^ffiCC, ^y-^MBEto 
0. *?18-2nm0i-In, 1 „,Al,.„,Ga 
0 .43sA s*L*)fSLZ>9v? FS5 4 a^if^^T^o 
"[0176] *&t v ^ffitc, V-*MBEj£K:<fc 
0, f53nm©i- In D . 47 Ga tt . Sj AsJ:D^i 

casing 6 a%»«Ts. ^mmv\t (775) bcd 

[0 17 7];WC, r£Mtc, ^V-^MBEStCJ: 
0, i - I n c.2 7s A lo. J „Ga 0 . 4S ,As«fc0ffiSl 

[0178] ;XCC, Affile, ^V^MBEffitci: 
9, 7nmCDi - I n 0 . 276 Alo. 22& Ga 0 ., 9 ,A 

s £<oj&z>mmmh s z&mmn. 

[0 17 9]»C, ^V-^MBEffitCfc 
0. I3 3nm©i- In 0 . 47 Ga 0 . 5J AsJ:0^i 
-?-«§! 8 8 a*Mt^. *3E»«rtt (7 7 5) B<£> 
*ittlfil0a^^rt^(7)t, SEJfcj^Kfi^ 
«£8 8 aJWfcli£S*i4. 

[0 18 0KXCC, Office, #^y-^MBEffiCcJ: 
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0, i - I n 0 . 276 A l D . 12& Ga o . 45 .AscI:0lS6a 

[0181] 'Xte, ±mc. #;*V-*MBEffiCCj: 
0, /IS 1 9 2 nm(D i - 1 n 0 .27,A 1 0 . 226 Ga 
o.4 9 a As <fc9J&£^* FJS6 4a^-TS fl 

[0 182]^ ^ffiJC, #*V~*MBEffiCC.fc 
0. 1 x l o 18 cm- 3 ©iftg-CZn^F-^§n/cjl3 
83nm(Dp-Alo.nJ n 0 . „ 9 P <fc D J&£ffi/Stff^ 
166ai, lxl 0 1J cm- 3 (DiSrZn^F-7^ 
n/cf?7 4nm(Dp - I n 0>I ,Ga,. 7l A s<fcO/&& 10 
«S#T^Ji7 0 a 4*, £Sfc2 3^7«»rSC £CC 
<fc?K p»©DBR57-7 2al:Mt^ C<Z>RL 
®raSr*J16 6a<bi»fflSr*J17 0ac!:©rafC, lxi 
O^cm'^ilgt'Z n** F-^StlfcffS 2 0 nm(D 
P- I n 0 . 27ft A l 0 .n S Ga 0 .4 9 aA s Jz K) f&&tp?$m 

[0183] CO«(D*a»#U--1^«©«jfi^rffi«, 

^ 2 HSfe^K J: & u - If SS«fl!>«JS# ffi <b raa. 
-r*SoriftlB«:»ie-r*. cut, *K»««cJ:* 

U — 9«B*s«J63 h*. 20 
[0184] «(D3 ) ) *»feff^CC 

vmrnomm (*©3> tco^rai 
i«6a*^-rwwia"c*s. in (b> 

tt, HI 1 (a) (DR^J^L//cS%^ e 
[0 1 8 5 ] m 1 1 fc::^T<*;*>Ct % £^*F«5 4±CC 
te, i-InAs/GaAsi^Jl^Ff h9 2a 
^JSSn-Ct^. if F^h9 2a« > a*6ii^JI 9 
2btcSsbiAS*rCl>4. If K^92aiffi^ 
H9 2bk:J:^ v Jf $4nm©lf F? FrSt*B9 2# 30 

*it^£ 0 

[0 18 6] if F? h*Stt»9 2±«:tt. f?7nm 
©i-Ina. l76 Al,.„ 6 Ga 0 ., 9 ,A s J:»)JiK4BIS 
158 b^JS^ntt^S. 

[0 187]Bgl5 8b±«Ctt, i-lnAs/Ga 
As cfcDJSESMf F ? h 9 4a«3ntl^. If. 
F->F9 4a« t a^3A^J19 4 bCca^iA^nrC^ 

Stf F 7 h 9 4 a <bffi«bii^B 9 4 b fc J: 9 . t 
4 n m©lf F y FrStt® 9 4 **HteS3irClr»S. 

[0 18 8] Cti^Sf F? Fy£tt»9 2. WSB5 8 40 
b, Rtflf F^Fffitti9 4.{CJ:0, (Sttl6 2c*J 

[0189] flb(D«lS«*«. H8K:^-r»2l8«»« 
[0190] *^WCCi:4^#u-lf«jB». Sf 
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[0 19 1] ^cc, *^wccj:a*3»*u-if«a© 

-our mm r s 9 

[0 192] Sf, Z^v FH5 4aMt SIgSt 

[0193] £Et£ x MOVPEStCil iSS 

4nmCD i - 1 n A s/GaA s <fc OfiKSJIf F v F 9 
2aeM« D 

[0 194] ±mc, i-In,. 27S AU. I1( G 

a 0 .4 98 A s J:0a4a*ii*B9 2 b*Jfcj£-r£. 

[0195] ;XCC V )!S7nmOi-]n 
0 . 2 ; 6 Al 0 . lie Ga 0 . 45 ,A s £K)J$ t Z>m^£fB5 8b4 

[0196] #0C, ^ffitc, MOVPEftW^ 1SS 
4 n m<D i - I n A s /G a A s <fc 5 Jifc£Sf F * h9 
4aa««o 

[0197] ^6C, £BK: % i-In 0 . 2 7 6 Al 0 . 226 G 
a.. 4 „A Sck5JS*aa&ii*»9 4 bSr^-TS. 

[0198] c<D'&<D¥mwv^ mw<DM&j?mz, 

[oi99] immmmm] *mmz±Mzwmmit 
[0200] » i mam-en* a i 

0. 251CDA1 InP^^7^ FHtCfflliSi8-&tco 
l>T8B?8l/fc&^ ^5 v Fm±l>xmi>2>A 1 In PCD 
A I ffifiJE»C©ffltc|SS$ti4fe©r'«&< x SWi*T 

<E>. ft*. GaAsJ:^tl*fSSW^i(* 
HeSrllr^Ci^BtSi, Al InPCDAlSlsS 
tt. OJ:0A^<0. 5 1 cfc9/h$l>$5B<t&£ 0 A 1 
ffiiSSrO cfc9fc*S<*rStDtt, AlSiAf4C4«c 
J:0'O F+> 7 < ri/cftr* 

9. A 1 ffi^©«&H©±IBffi«:0. 5 1 tf^TO, ± 
lfiffi#, G a A s^®ttS«<tA 1 I nPtWfl^ 

m<Dttmx.- A 1 I nPtc|E5ES*i-5fe(Dt?30:< , #R 
tf. 1 nA 1 GaA sOiiftA ljBJS*/M<nc 

[0 2 0 1 ] *fc % »2IUt»JB"CB, A lffljS*S0. 
.2 5 1 (DA I 1 nP*DBRS^-<DffiSJf«HCCfflti 

^.»^cconTi»wLfc^ % dbr ^ ?-(D{smvt^m 

t Ltffll^A 1 I n POA 1 &m*£<DmcmM$tl 

a A s <fc9*#l>*£f ^Sfe4*f 

Ci^fiTSi, A 1 I nPCDA 1 ffij&t*. 0J:0A 
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*<0. 5 1 J^'Mt^Bifc-S. Sfc. DBR57 

-coismffimBottPiu. a i i nPicis^sftsfc© 

r&<. m*-l*. 1 n A 1 Ga A s©«£5£tA 1 ffiJ&£ 

[0 202]$fc, * i £tta&er«. u 

X I nGa A s 4ftl>i»^i«K»?|Lfc*». 
1«B I n G a A s (CIS StlS fc©T|J5 < , G a A 

©30£f*SlR}Ct&^SS£T 4^7 9 Ffilt, A 1 G 10 
, aAsSb»TfcJ:K ^ftSIibri 
nGaSb», C®*5»*S«Kjfe^«^-rSi'^ 
9 IF M ±UX InAl Sb£m>-C&<£:0. 

[0 203iifc, »2 mtmmx'it. *mw&mt u 

X I nGa As*m^Z>nfe*Mlct8.WUtc1)K 
S«t*I nGa A s iClES S ft £ &©"?»&<, G a A 

W*.tf. *iftlfiltGaSb*ffll>, D 
BR S-?-©^!!^®^ ItA l G a A s S b£ffll> 
tiiK ifc v fi#liibtInGaSb%I 20 

t,\ d br z 5 -<D&mmmm tux i nA i sb&m 

[0204] ui i mmm<om&m <-e©3 > r 
vmzmMftmomm <-e©3) -c». rsi^ntcs^ 

[02.05] [#13] 

(#131) GaAs £»)*#t>ttM&*:frr£*i* 

mcmm^F&^u, a l ffi^*s o <t <)^:# < o . 5 i 30 

Si. 1513^1 ©i7 5 FJl±{CJf^3n/cr£ttJli. 
£U A lffll£#0 <*<)*£< 0. 5 1 <fc»)/h3<. hb 

e» i mmmt sttmmz <o i&zm 2 , 

Kg. 

[0 206 ] (#832) #ElEtt©¥ifttU— !fK ' 
Htcte^r. H?f3^ 1©?75 FJiRtf/XttitulBJf^ 
©^ ^ FJltt, A 1 I n PX« InAlGaAs<fc9 40 

f&zct z<mk t r z*m# u — if 

[0 207 ] (#133) GaAsiW^^S^ 

m i ©^zgtfcn <t mmm i ©^awEji «t o jasr*©w,» 

tm J: DISS* 2 *&5tclWB UTj££lf! 

1 2»^S©^ 1 <Dfttt!x&iB 57-i, tirl3Sf 1 ©5>^ 
S:^5 5-±{cjf$fiSSn/c^l©^7-y FJli. fus3 

±WsSSnfcf20J'7jFIi. t55BSS2©*7v 
FJfifcJ&jfcSft. *3©^(*»i«r8B»3©*3»tt: 50 
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@ «fc <0 )3#r*©i«U#fcU 0^S^4 ©30f {*■ £ 

a©# 2 o^Bssm zy-tzmu. mizm 1 ©*^ 

*WRCf/X«t!fgBSr 3 ©*»#»». S5iB¥®{**« 
iC««fcT*£ U A 1 tfJAtf 0 <fc 9 7v£ < 0 . 5 1 «fc 

») s t> tm «t •) jss * c i &*sa <t -r zmmi* u-*rm 
a. 

[0 20 8] (#134 ) #IB3 S3t8©*j»#U-1f« 
gKfcUT. Krl3»l©^*SRCJf/X«B«rlB^3© 
Al I nPXttl n A 1 Ga A s <fc<3(££ 

[0 20 9 ] ( #IB 5 ) #13 1 7bm 4 ©U»m*»(CBB 

n G a A s «fc9»££C U— if» 
g. 

[0210] (#13 6 ) #13 1 ^ 5 ©l»rft#>«Cl3 
«©^ttu~lf»B«:*»i»-c. WEiSttUBtt. 

[021 1 ] (#1B7 ) #13 1 7bS5©t^-rn*HC|g 

»©^#u— »fS»c*jt»T, B?13r£t4®li. /■Ob* 
ttft «fc 9 JiRS C 4 *4*«£ -ra^aw* trans; 

[0212] (#13 8 ) #13 1 5 ©l»m*»tClB 

[0213] (#13 9 ) #13 1 nm 5 ©v>-rn*>«ci3 
u- - if jigtcfc c ^ r . in Btstt® «. f 

[0 2 14] 

C»W©J»*] «±©3i«3, **WK«tntf. A IfflJSR 

•> F»{CMl»4©-C. «(Sii©Wt»*W»l'— !f«B% 
SlfttSCi^t?*^. (/#>&> ^ FSti. 

[02 15] Sfc, *J%93tC ctnw. A 1 mj&tffrz < 

-<Dimiftmmtuxm^z<Dx\ mn^om^mw 

t zm&? z>tt&x%z><Dx\ ftmuz umafi'b § 
<. «*«»*©jBie«ti?tt©/h*i»¥aw*i'— !f*a*- 

Sff^B <b ©SJFr^H*^:* < FS#f 5Ci &X% 2><D 
■C. ^l^7»T*otfcII^5ltSi7-5: 

<* u — 9 m&vmikic *> mm *mm<t? zct #x 
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